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SPECIFICATION 

1. Title of the Invention 

ULTRASONIC MOVEMENT AUTOMATIC MEASURING APPARATUS 

2 . Claims 

(1) An ultrasonic movement automatic measuring 
apparatus which receives a reflected wave of an ultrasonic 
pulse emitted to an object and displays an ultrasonic 
image on the basis of the reflected wave, the apparatus 
comprising : 

phase detecting means for detecting a phase of the 
reflected wave at any time; 

sampling point designating means for designating a 
sampling point at any position of the reflected wave; 

sample shifting means for detecting a phase 
difference at the sampling point of the reflected wave and 
shifting the sampling point by a distance corresponding to 
the phase difference; and 

movement measuring and displaying means for 
automatically measuring a movement of the object by 
tracing a shift of the sampling point and displaying the 
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measured movement on a display. 

(2) The ultrasonic movement automatic measuring 
apparatus according to Claim 1, wherein the sampling point 
designating means is capable of designating a plurality of 
the sampling points. 

(3) The ultrasonic movement automatic measuring 
apparatus according to Claim 1, wherein the movement 
measuring and displaying means is capable of displaying 
the movement so as to be overlapped with an ultrasonic B- 
mode image or an ultrasonic M-mode image. 

(4) The ultrasonic movement automatic measuring 
apparatus according to Claim 2, wherein the sampling point 
designating means is capable of automatically measuring 
and outputting distances between the plurality of sampling 
points . 

3. Detailed Description of the Invention 
(Object of the Invention) 

(Industrial Applicability) 

The present invention relates to an ultrasonic 
movement automatic measuring apparatus which measures and 
displays a movement of a moving object. 

(Related Art) 

There has been known an ultrasonic M-mode method 
which displays a reflected wave (echo signal) of 
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ultrasonic pulse emitted to the internal organs which are 
constantly moving such as the heart or the like by 
modulating the radiance thereof on a CRT or the like. 

However, since a resolution of an ultrasonic image 
which can be obtained by the M-mode method is not surely 
satisfactory, it was difficult to measure motion of the 
heart wall or the like with high accuracy. Therefore, it 
was no more than roughly measuring motion of a valve or 
motion of an endocardium. 

For that reason, it is not possible to measure a 
thickness of the heart muscle with high accuracy of the 
thickness of 1 mm or below. 

In the measuring method used in the past, it is 
necessary for a human being to trace and measure a 
position considered to be a predetermined portion on the 
basis of an M-mode image, for example, the valve or the 
like . 

There has been reported an automatic measurement by 
computer in stead of the human being. However, the 
measurement by computer can be applied only to a limited 
specific field. 

(Problems that the Invention is to Solve) 
As mentioned above, there is a problem that a 
measurement with high accuracy is not possible in the 
internal organ movement measuring and displaying method 
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used in the past. 

An object of the present invention is to solve the 
problems and to provide an ultrasonic movement automatic 
measuring apparatus which measures motion of an object 
with high accuracy and automatically. 
(Configurations of the Invention) 

(Means for solving the Problem) 

In order to achieve the above-mentioned object, the 
present invention includes phase detecting means for 
detecting a phase of a reflected wave at any time, 
sampling point designating means for designating sampling 
point at any position of the reflected wave, sample 
shifting means for detecting a phase difference at the 
sampling point of the reflected wave and shifting the 
sampling point by a distance corresponding to the phase 
difference, and movement measuring and displaying means 
for automatically measuring a movement of the object by 
tracing a shift of the sampling point and displaying the 
measured movement on a display. 

(Operation) 

By the sampling point shifting means, a phase 
difference at a sampling point of a reflected wave is 
detected and the sampling point is shifted by a distance 
which is the distance which the phase difference is 
converted to. By constantly tracing such a shift of the 
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sampling point, motion of an object can be measured with 
high accuracy and automatically. 
(Embodiment) 

Fig. 1 shows an ultrasonic movement automatic 
measuring apparatus of an embodiment of the present 
invention. A standard clock having frequency fs (for 
example, 15 MHz) generated from a standard clock generator 
4 is divided into four (fs/4) by a first flip-flop 5 and a 
second flip-flop 6 and then divided into N (fs/4N) by a 
frequency divider 3. After that, the clock is supplied to 
a pulser 2. For example, when the N is set to be 750, the 
standard clock fs of 15 MHz is divided into a rate pulse 
fr of 5 kHz (15 MHz/4 x 750), thereby driving the pulser 2. 
An ultrasonic vibrator 1 excitated by a voltage of the 
pulser generates an ultrasonic pulse toward an object. 

The ultrasonic pulse reflected from a body tissue 
such as the internal organs is turned into an echo signal 
(reflected wave), received in the ultrasonic vibrator 1, 
and converted into an electrical signal. Then, the 
electrical signal is amplified by a variable gain 
amplifier 7 and branched into two channels such to be 
added to mixers 8a and 8b, respectively. The standard 
clock fs divided into four by the first flip-flop 5 and 
the second flip-flop 6 is added to the mixers 8a and 8b as 
reference signals of each phase separated by 90°. That is, 
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the standard clock fs of 15 MHz is firstly divided into 
two so as to be 7.5 MHz by the first flip-flop 5. Each 
output Q and /Q is inputted to the second flip-flop 6 and 
then divided again into two so as to be 3.75 MHz. Two 
signals of each phase separated by 90° (7i/2) can be 
obtained as the reference signals. In the mixers 8a and 
8b, so called quadrature detection is carried out by the 
reference signals for the inputted signals. High 
frequency component of these outputs is eliminated by low- 
pass filters 9a and 9b, and then added to A/D converters 
10a and 10b, thereby being digitized. 

Outputs of the A/D converters 10a and 10b are 
sequentially added to an amplitude detecting circuit 15 
and a phase detecting circuit 16 which will be described 
later. Herein, an output of the amplitude detecting 
circuit 15 is added to a combination device 21 so as to be 
used as a radiance modulating signal for displaying a 
usual B-mode method and an M-mode method. 

The amplitude detecting circuit 15 is formed of 
squaring circuits 11a and lib to which the outputs of the 
A/D converters 10a and 10b are added respectively, a sum 
circuit 12 to which a square output is added, a root 
circuit 13 in which a sum output is calculated, and an 
amplitude processing circuit 14 in which a root output is 
subjected to a processing such as STC or gamma 
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characteristics generally required for the B-mode method 
and the M-mode method. Contents of the A/D converters 10a 
and 10b are set to be operated, for example, under 
conditions . of 10 bits and 15 MHz. The constituting 
circuits 11 to 14 of the amplitude detecting circuit 15 
are subjected to a calculation processing for each clock 
of 15 MHz. The calculation processing can be carried out 
at a lower speed by the use of a lower clock, for example, 
the clock of 7.5 MHz. 

On the other hand, the outputs of the A/D converters 
10a and 10b are added to the phase detecting circuit 16 
and a phase 6(x) of the reflected wave at each point of 
time t (corresponding to a distance x) is calculated by 
the phase detecting circuit 16. 

Next, the output is added to a phase difference 
circuit 17 and a phase difference A9(x) for each rate is 
detected by the phase difference circuit 17. The phase 
difference A0(x) is converted to a distance Ax by a phase- 
distance conversion circuit 18. Sampling point 
designating means 19 designates a sampling point at any 
position of the reflected wave and the output thereof is 
added to the phase detecting circuit 16. Therefore, an 
operation of the phase detecting circuit 16 is controlled 
by the sampling point designating means 19. In addition, 
the output of the sampling point designating means 19 is 
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added to the combination device 21 and then added to a 
digital scan converter (DSC) 23 along with the output of 
the amplitude detecting circuit 15, thereby being 
displayed on a display 24. An output of the combination 
device 21 may be recorded on a recorder 25. 

Information of the sampling point of the reflected 
wave designated by the sampling point designating means 19 
is added to an automatic calculating circuit 22 and then 
converted to a necessary body information signal, thereby 
being outputted automatically. 

Further, an initial position setting circuit 20 sets 
an initial sampling point of the reflected wave. 

Next, the operations in an embodiment of the 
invention will be described. 

Provided that the object such as the internal organs 
is existed at a position spaced by the distance x from the 
ultrasonic vibrator 1, a reflected wave e(t,x) from the 
object will be represented by the following equation. 

e(t,x) = e 0 (t) cos (co 0 t-2kx) ... (1) 
Here, e 0 (t): envelope of the ultrasonic pulse, 

f 0 : frequency of the ultrasonic pulse 

(for example, 3.75 MHz and co 0 = 27cf 0 ) , 

k: wave number of the ultrasonic pulse in the body 

(k = 2n/X) , 

X: wavelength. 
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An output of the reflected wave is shown as an 
output of the variable gain amplifier 7 in Fig. 1 and is 
added to the mixers 8a and 8b, thereby being carried out 
the quadrature detection. After that, a result is 
outputted as represented by the following equations. 

e c = e (t , x) cos©ot 

= e 0 (t ) cos (co 0 t-2kx) coscoot 

e s = e (t, x) sincoot 

= e 0 (t ) sin (oo 0 t-2kx) sinco 0 t ... (2) 

These outputs are passed through the LPFs 9a and 9b 
and turned into signals /e c and /e s in which the high 
frequency component is eliminated as represented by the 
following equations . 

/e c = e 0 (t ) cos2kx 

/e s = e 0 (t) sin2kx ... (3) 

The two outputs /e c and /e s are converted to digital 
signals by the A/D converters 10a and 10b and then again 
subjected to the calculation processing. The phase 8(x) 
of the reflected wave from the object spaced by the 
distance x is represented as the following equation. 

9 (x) = 2kx ... (4) 

In addition, 9(x) is represented as the following 
equation by the use of the equations (3) and (4) . 
9(x) = tan _1 (/e s //e c ) ... (5) 

As shown in the equation (5), the phase 9(x) can be 
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calculated by the use of a ratio of the outputs /e c and 
/e s of the A/D converters 10a and 10b. 

When the object is not shifted, the distance x is 
constant. Therefore, the phase 0(x) is not changing. 

On the other hand, when the object is shifted, the 
distance x is changing. Therefore the phase 0(x) is 
changing . 

Provided that the object spaced by the distance x is 
shifted by the distance Ax in a direction of the 
ultrasonic pulse for 1 rate, the phase difference A0(x) at 
the moment, that is, a phase change (delay) A0(x) is 
represented as the following equation. 

A0(x) - 2k-Ax = (4n A) Ax ... (6) 

On the contrary, when the phase 0(x) calculated by 
the equation (5) is changed by A0(x) for 1 rate, it means 
that the object is shifted therewhile by the distance Ax 
represented as the following equation. 

Ax) = a/47i) A0(x) ... (7) 

Provided that the ultrasonic pulse frequency f 0 is 
set to be 3.75 MHz and a sound velocity C of the body is 
set to be 1, 500 m/s, the wavelength X becomes 0.4 mm in 
accordance with a relation X = C/f 0 . The phase change of 
n/2 (A0 = tt/2) is corresponding to a displacement distance 
Ax of 0.05 mm in accordance with the equation (7). 
Accordingly, a slightly short shift distance Ax of the 
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object can be detected by detecting the phase displacement , 
that is, displacement difference A9. 

The outputs /e c and /e s of the A/D converters 10a and 
10b are added to the phase detecting circuit 16 having 
configurations shown in Fig. 2, thereby performing the 
calculation processing in accordance with the equation (5) . 
One of the outputs /e c added to the phase detecting 
circuit 16 is passed through a reciprocal table 31 and 
then multiplied by the other outputs /e s by a 
multiplication device 32, thereby calculating the /e s //e c . 
Subsequently, the phase G(x) is calculated by a tan" 1 table 
34. The phase 0(x) takes a value within a range of 0 to 
271 as shown in coordinates of Fig. 3. In the tan" 1 table 
34, the range is designated in accordance with a positive 
sign or a negative sign of /e s //e c and /e s as shown in a 
table of Fig. 3 by adding a signal from a sign 
discriminating circuit 33 of /e s , thereby belonging to one 
quadrant of I to IV. That is, the phase 9(x) is set to be 
within a range of 0 < 9(x) < 27i. A value of the phase 6(x) 
within the above-mentioned range is calculated within each 
rate for each clock (corresponding to the distance x) . 
The phase 0(x) at any distance X is outputted. 

A sign of the value of the phase 9(x) is added to 
the phase difference circuit 17 and is stored in a memory 
35 for 1 rate part. The value is subtracted from a value 
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of a new phase 6(x) after the next 1 rate and the 
difference A9(x) is calculated by a subtracting circuit 36. 
In such case, the phase difference A9(x) is 0 and 2n, 
which are discontinuous. Therefore, compensation is 
carried out by a compensating circuit 37 such as adding 2n 
when the difference is -n or below, or subtracting 2n when 
the difference is n or higher. Accordingly, the value of 
the phase difference A9(x) outputted from the phase 
circuit 17 is within a range of -tc < A9(x) < n. A value of 
the distance Ax can be obtained by multiplying the phase 
difference A9(x) by X/4n in accordance with the equation 
(7) by the use of a multiplying circuit 18. 

Such values of the phase 9(x), the phase difference 
A9(x), and the distance Ax are calculated for each clock 
(distance x) . 

Provided that the standard clock of the calculation 
processing is set to be 15 MHz, 1 clock is corresponding 
to 0.05 mm by the distance. Provided that the ultrasonic 
pulse frequency f 0 is set to be 3.75 MHz, 1 clock is 
corresponding to n/2 by the phase. 

When the whole 1 rate part (for example, 15 cm by 
the distance) is calculated on the basis of the clock of 
15 MHz, 3,000 (15 cm/0.05 mm) data per 1 rate are obtained 
and thus a circuit scale is extremely expanded. 

In reality, since the range of a measurement object 
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designated by the initial position setting circuit 20 of 
Fig. 1 is 1/4, which is sufficient, only the required 
region can be subjected to the calculation processing. 
Therefore, the number of data is 3,000 or below. 

Fig. 4 shows configurations of the phase detecting 
circuit 16-1 which is sufficiently functioning in such 
practical. Between the outputs /e c and /e s which are A/D 
converted by the use of the clock of 15 MHz, only the 
region designated by the sampling point designating means 
19 and the initial position setting circuit 20 is stored 
in buffer memories 38a and 38b. Only the value thereof is 
subjected to the calculation processing thereafter, for 
example, by the use of the clock of 3.75 MHz (15MHz/4). 
By such a processing, a speed of the calculation 
processing is decreased and thus the circuit scale could 
be shrunken to 1/4. The other configurations are same as 
Fig. 2. 

Next, a method of displaying a trajectory of the 
sampling point on the display 24 by the use of the shift 
distance Ax of a reflector obtained by the above 
calculation processing will be described. 

Fig. 6(a) shows the B-mode image displayed on the 
display 24. A horizontal axis represents time, and a 
vertical axis represents a distance x from a skin of the 
body and the value thereof becomes bigger as heading 
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downward. A vertical line 53 is displayed on the newest 
position of the M-mode image to be displayed. In addition, 
region markers 54 (Xi) , 55 (X 2 ) , and the like are 
displayed. These region markers 54 and 55 are set in the 
region of the measurement object by the initial position 
setting circuit 20. In Fig. 6(a), there is shown that the 
region marker 54 is set on an anterior wall 51 of the left 
ventricle and the region marker 55 is set on a posterior 
wall 52 of the left ventricle by the use of the heart as 
the object. For example, 10 sampling points (xn, x 12 , 
xio) are arranged at an interval of 2 mm in the region 
marker 54. 

Fig. 5 shows configurations of the sampling point 
designating means 19. The sampling points (xn, x 12 , 
xi,io) arranged at an interval of 2 mm which are initially 
set are stored in a sampling point memory (SPM) 41. By 
such a processing, a value of the distance Ax (Axu, 
Xi2f - . . xi,io) between the sampling point and the next rate 
is selected from the output of the phase-distance 
conversion circuit 18 and then stored in a displacement 
value memory 42. The value is sequentially renewed for 
each rate and transmitted to a displacement integrating 
memory 43. Then, each value of the distance Ax is 
integrated for each rate. Each value thus integrated 
(EAxn, Sxi2, ... Xi,io) is compared with ±k/8 and ±A,/4 (±tt/2, 
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±7i in terms of the phase) by a comparison circuit 44. The 
increment value shown as the following table is added to 
the each value (x n , x 12 , Xi,i 0 ) of the sampling point 

memory 41 and simultaneously subtracted from the each 
value (EAxn, Zx i2f ... Sx 1/10 ) of the integrating memory 43. 



Value of EAx 


Increment Value 


-X/8 < ZAx < X/8 


0 


X/8 < EAx < X/4 
-X/4 < EAx < -X/8 


X/8 


X/4 < EAx < X/2 
-X/2 < SAx < -X/4 


X/4 



When such calculation processing is repeated for 
each rate, the sampling points (xn, x i2f . .., xi,i 0 ) of the 
sampling point memory 41 which are initially set are 
changed by the distance corresponding to such motions. 
The motion of the sampling points (x n , x i2f xi,io) are 

displayed as they are. The value is transmitted to the 
digital scan converter 23 along with an M-mode signal, 
thereby being displayed as a line 56 as shown in Fig. 6(b). 

Fig. 7 shows a time chart which allows easily 
understandable description of the operations and a first 
sampling point xn of the marker region 54 is exemplified. 
The heart muscle corresponding to the sampling point x u 
is shifting in the same manner as the sample 56 in Fig. 
6(b) . 
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The output of the phase detecting circuit 16 is the 
value shown as a point P in Fig. 7(a). A vertical axis 
represents a value of the phase 0(xn) within the range of 
0 to 271, and a horizontal axis represents time. Data can 
be obtained for each rate. 

For example, provided that a rate frequency fr is 
set to be as fr = 5 kHz, data can be obtained for each 0.2 
ms . 

Fig. 7(b) shows a displacement Ax u for 1 rate 
converted from the phase difference A0(xn) f which is 
obtained from Fig. 7(a) by the phase difference circuit 17, 
by the phase-distance conversion circuit 18. A value 
thereof is within the following range: |Axn| < X/4 
(lAB(xn)l < n) . Provided that the ultrasonic pulse 
frequency f 0 is set to be 3.75 MHz, the displacement Axu 
satisfies the following inequality: | Axu | < 0.1 mm. 

Fig. 7(c) shows the Ax u integrated by the 
displacement integrating memory 43. In case that the 
integrated Ax n exceeds the range of the following 
inequality: | ZAxn | < X/8, the increment value of the above 
table obtained by the comparison circuit 44 is subtracted 
from the value of SAxn and the same increment value is 
added to the value x n of the sampling point memory 41. 

Fig. 7(d) shows a waveform formed by adding the 
increment value to the value of xn, and an example of 
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changing of the value from the initial set position xu to 
X/8 (corresponding to 0.05 mm) which is a quantized value. 
The example shows the trajectory of the first sampling 
point xu in the heart muscle which is actually shifting. 

In case that there is a big change in the value of 
(xn, X12, ---f xi,io) r the value is subjected to a feedback 
operation to go to the phase detecting circuit 16-1 of Fig. 
4 and then the region stored in the buffer memories 38a 
and 38b is shifted in accordance with the displacement. 

Hereinbefore, there is described an example of 
measuring a displacement of a first region marker X x (xu, 
X12, . . . Xi,iq) . By setting a second region marker and a 
third region marker in the same manner as above, the 
displacements thereof can be measured. In case of 
obtaining an inside diameter of the left ventricle, x 1± of 
the region marker X x and x 2j of the region marker X 2 which 
represent interior walls of the left ventricle are 
designated. Then, the inside diameter can be 

automatically calculated and outputted in real-time in 
accordance with the following formula, (x 2 j-Xii) , by the 
calculating circuit 22 of Fig. 1. In addition, an 
ejection fraction can be easily calculated on the basis of 
the value of the inside diameter at the same time. 

All the calculation processing in the operation as 
described in the above embodiments are performed in real- 
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time- However , the same outputs can be also obtained by 
storing the thus obtained digital data in the memory on 
the way of processing and calculating in the offline state 
on the basis of the data by the use of computer. In 
addition, a method of digitization may be performed by the 
use of a high frequency signal as it is in a step before 
performing the quadrature detection. 

A data memory 2 6 of Fig. 1 stores the M-mode image 
and the value of the distance Ax, and prepares to 
arbitrarily perform a measurement of a required region by 
re-extracting the data from the memory after a whole 
examination on the object (patient) is finished. By such 
a processing, a throughput of the patients can be 
increased and a required measurement can be easily and 
precisely performed. 

According to the above-mentioned embodiments of the 
invention, since a moving body is measured by detecting 
the phase, the displacement of the internal organs in the 
body can be continuously measured with high accuracy of 
0.1 mm in real-time, and simultaneously the displacement 
of a plurality of positions can be measured. Since there 
is provided a numerical calculation processing, an 
automatic measurement can be realized without using 
complicated processing means such as pattern recognition. 
In addition, since the data is once stored in the memory 
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and then is extracted if necessary, the same operation and 
the same effect can be obtained in the offline state. 
Accordingly, the throughput of the patients can be easily 
increased. 

(Advantage of the Invention) 

As clearly described above, according to the present 
invention, motion of a plurality of positions in a body 
tissue is measured by detecting a phase change of a 
reflected wave. Therefore, the motion can be measured 
with high accuracy and automatically. 

4. Brief Description of the Drawings 

Fig. 1 is a block diagram showing an ultrasonic 
movement automatic measuring apparatus according to an 
embodiment of the present invention. Fig. 2 is a block 
diagram showing configurations of a main part of the 
ultrasonic movement automatic measuring apparatus of the 
invention. Fig. 3 is coordinates and a table describing 
an operation of the ultrasonic movement automatic 
measuring apparatus of the invention. Figs. 4 and 5 are 
block diagrams showing configurations of the main part of 
the ultrasonic movement automatic measuring apparatus of 
the invention. Figs. 6(a) and 6(b) are image patterns 
describing an operation of the invention. Figs. 7(a) to 
(d) are time charts describing the operation of the 
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invention - 

1 ... ultrasonic vibrator, 4 ... standard clock 
generator, 8a, 8b ... mixer, 10a, 10b . . . A/D converter, 
15 ... amplitude detecting circuit, 16, 16-1 . . . phase 
detecting circuit, 17 ... phase difference circuit, 18 ... 
phase-distance conversion circuit, 19 ... sampling point 
designating circuit, 24 ...display, 38a, 38b ... buffer 
memory, 41 ... sampling point memory, 42 ... displacement 
value memory, 4 3 ... displacement integrating memory, 
44 ... comparison circuit 

Agent: Patent Attorney, Masayoshi MISAWA 
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Fig. 1 

1: ULTRASONIC VIBRATOR 

4. STANDARD CLOCK GENERATOR 

15: AMPLITUDE DETECTING CIRCUIT 

16: PHASE DETECTING CIRCUIT 

17: PHASE DIFFERENCE CIRCUIT 

18: PHASE DISTANCE CONVERSION CIRCUIT 

Fig. 2 

16: PHASE DETECTING CIRCUIT 

Fig. 3 
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* <fc t> T# * . 

K***©«ttfM<tt&t-T^* ft* is C© 

e (t,x) - e . (I) cos < » D t - 2 k x ) - W 
/ Ci-Cs a c(0 i ft**/*** ©SlttHU 

tf3.75H]l8, » . ~ 2 * / »K 
k : *fe*^©fi*iA^^^©ft«. 

8 



'(2) 



I <k - 2 */ . 

z<DKmm&*\>*m 1 H©w»^«m*i» 7 © 

e c — e (t, it) cos <» • t 

« e . (Ocos C A) 0 t - 2 k x ) co • «t 
• s - B Ct,x) aln <U o t 

- • .(t)aJn(w a t- 2 rx)Bii»«t 

ttftf Be . 8 » £ 4 . 

8 e - a a (t) cos 2 k x \ 

\ - (3) 

5 • - b .(t) sin 2 k x . J 

1 0 1, i 0 b -i & 9 jufcmz gas & 

fi (x> - 2 k x -« 



(4)^&0(i) i*fci*©<fc -5 

8 1 



0 (x) - ta n 



-( — ) 

V 8 c J 



•(5) 



Ifcfr * * CL £ Cfc *. 

ft) a 0 (x) ttft^aj;^**^*. 



Atf(x) « 2 k • A x - 



4 n 



A x 



a * ex) «ftrfti**©iWKtt*fc«:ft*T*;;* 



9 



^SBB3G2-2fiB040(4) 



Ax) - A 0 U) -{7) 

it tr 

I,**. IStfafe^^fflfclft/ o - 3. 7 5 MHz , 
£#R$©*iSC-l 5 0 Orn/a, 
KKJSLfcctT 4 J-C/J* ©W$M>fc 
* = 0. 4«<fcfc4. C & n / 2 ©&*9&fl: 
( A 6 m n / 2 ) tt|W8E^(7)^6 A x - P, 0 5 « 

©&ttEP8cffi3*&c.<tK**. itoTttfflg 
&ftTffita*C0e»^fc*tt*<*c: * cats 

»aiBi»i € Kjro*. & *!*-;*-© a* * < as 
»^~y^3 i ^^L-Tft^-oaj^ « . ±m»i3 

tan"' ^ - 7*^ 3 4 KL * ^Tttffi * (*> *< 
1 1 



tan-'*- ^^3 4 f£ S . © ft * # Sfl 0 3 3 *> 
&fc#*Jtol*- £ *l* £ i C J; $ . Sd3iaK:^:^^L 
4ft(Z) J; -7 t: B i/i eRtf 8 i ©iEft©tt#K:£ 

CK**^}*:*:*, -r^^-B^ffi a (x) «u 

HJ*3©ffiffl 0 (*) ©«ftt#V-hfc:o&. 1 L> - 

l^h^ClfL^ttfliMx) ©ffi«t©£A*(x) 

A 0 (x) *<0 «b 2 «1?^att(t**fi3T, £*< 
- « J#T© 2 Tr*Jjn^*i^^«U<Ji©* 

£-tt2***U3t<«fc-* *ttlE*ttjEEfc 3 7 k 
(4ffl3SAi?(x) ©tffcU -»<4M«) str<D|fi 

B«:«t4:<bK/a. c©teffl£Aff< x ) cm 
1 2 



* Cx),ttffl* A (x) fetfEMEAx 
«5*©aS$**n y **l 5 MHz CRSLfcif 

1 P - h (ft*.tf B&SlK LT 15c)* 

•7*3,000( 1 Sa/0.0 Sn] ©^-^3^»€>n 

m®& i 6 -i©i«j«**r *>©t. i smhi ©* 

T5nt3£*nfc«*©^^v7Ty*yS8a, 3Bb 
I 3 



K> * U ^«D<tt^^T©*^x:tf 3. 7 5 

HflsCl 5 MHx/4) © a v ^ * nJ« f* © 

K#iJ><*** c *. *©flj©fctft**5 2 

- * 5 4 (X,) , 5 5 (X,). ft* . i^l 
^«v-AH, 5 5 a«9«,titVR£SIB 2 0 

Ttt^K*M«t«k LT£/0£©*fffi 5 1 
4**v H> j£^S©»SI 5 2 

- * 5 5*>tev ^LfcWt^^T^*. 

i 4 
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ft!aB»G2-2RB04fl (5> 



*5 4fctt00*.Wf2i»|HlH|-ei OfflCD-yT'/M 
Oh (xii. x," s . x ,',) JtRtf-fcJi-tti 

g s hi** xr^ig^a i 9©«i^*^-r 

iCC* fyr^^^v^*') (SPM) 4 1 

(Ax, -".xi.io) 
& tt y*9 42cy*9S*ll. £ © ffi tt U - h 

*Ktti*>A,u i * y 43 

eS^ntil A x ©** ©«*<■✓- hfeeflt* 

CiUflll^fc C2Ax tI , 2x tI . 
Sx,.,,) ©S-«tt]fcf8©|& 4 4 -ex 

±it/8. ±^/4 UftffifcttT ± * / 2 , ±«> 
•( V M*9 4 1 ©8>* ©« ( x ,,, x •> 
(2 A x 1 1 • X x 1 1 * *** > Sx,. I0 ) *£>Jll.§I<. 
1 5 



2 A x £>it 




-^/B<2Ax<;/8 


0 


J/8£2Ax<J/4 | 


/ 8 


^/4S2Ax<^/2 i 
-i/2<5Ax<- V< ' 


J / 4 



y I- * y 4 i©WJWRJE$tL^« ( x 
x,',, -x"i.,.) ©* v7"/n?n**©ft*K:ti2i 

yr^A ©ifcs ©* ±iztL* 9 
c ©*tt m* - rfe-^ift^T 5 ^ ->*^;u^ + ty 

97H^i:©iyjtt**3**B<*<<-L**-- 
F7!^tii07, v-*««S 4 * © 1 © * y 

x nttti&ts^tt^i € Biro©-*- y rn/ 
1 6 



«f«n*0~2 *©«K©teffl 

f-' - * ^ - k » 6 *t * . 

-0<£t>TP— hffi*»/r - 5kHf KftfcL, 

&i B{U,ti ^- fTrots^Ax.^aettu 

*:*>©-*!,. d©«[W:!Ax 11 |<^/4 
( | a e <*,,) i < ?r ) ffliHciUt^*. @ 

#ft*Jb*W*«J. -3.7 5WfU 

I Ax,,l<0,l»itt*. 

tttIl/StO'C> I 2 A x | < A / 8 ©*gffl 
*ttxl^*^ttit^[H]^4 4^ < fcoT»^H*fi5 
5SX©i*#tt*5 A x ,.0«*&»L>9I & v 
JfA-tt** vrfiu* H y M*U 4 1 © x , ,©ffl 

1 7 



4>©t. x 

(0.0 5«K*iJfc> T*^ft<* JtfcttTfc 

Tt^6tto*i<5^ yrji/^i x , l <d tket i * * . 

(X (t , X,,, X,,,o) ©SNfc*<:** lr* £ 

fttt. C©«*» 4 BI©4a#i*aS!Hl» 1 

r^v^U, '<v7tj!«BV 3 8 i, 3 8b 

JM-httJ* 1 ©tt«^ - * X , (x llt x lt . -. 

ii»cLTi52. m 3 ©&#?-* 

#V-*X l © X i , <h»«-r - * X , ©Xri^lS 

3£-r*LUr> rtSttSi 1 00lt*RR 2 2 K J; , T 
1 8 
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***** C t 4>#ftT&*. 

* -C ft T <> J: H „ 

ft US LT#Mtt© ft A * «fc -5 Ct 



E It t* 0> <* « £ fli * t* * * c <t K J; ft IB K 

a * » » as a a Bt « & a © s a* © « « * * r r o 

2 0 



1 9 



B a » Bb«.^f > 

1 0 a . 10b A / D KM fift x 

1 8 «-tt*SSg»S!lftl«|». 

3 8a, 3 B b '•■ v 7 t > t ') s 

4 i - * yr;p* O M t ') % 

4 2 -aM&tt/ * V . 4 3 "fttittt*> * 'J . 
4 4 "tttftflft. 



#a± h n je « 




2 1 
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?flSHS62-2BG0«0(7) 



4 % *£7TW7*fc*ftW 




I la f2 14 

X i-r /!2/ /V 



*0 



19 



1A/1 



/ 



21 



T 



23 



i 



/> <s c 



22 



20 



1 



24 



25 



T 

26 



?5B3B2B2-2fiB040 C8) 




!?BS^B2-2BB040 <9) 



51 


//54 




jX (X11.X12-) 




^55 




jx(X2I.X22-> 



X 

(a) 




1 * 

O 



± 



|/fr(-0.2ms) 



f 0 

-0.1 



2*Xn o.r 
tmm) 

0 



-0.1 



v XV 0.2 
X?(+o.l 

f xii 

X'-o* 



(0) 



<b) 



I 



(d) 

7 El 



mtii-' 
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